Colonic biopsy specimens were obtained from patients undergoing surgery for carcinoma of the rectum. Colonic resistance arteries (internal diameter 178-345 ,um) were dissected out under the microscope and mounted in a microvascular myograph capable ofmeasuring isometric tension development. Experiments were designed to test compounds trophic to the gastrointestinal tract -namely, glutamine and the three short chain fatty acids, acetic, propionic, and butyric acid, for effects on vascular tone. Glutamine in concentrations up to 30 mM neither constricted nor dilated the resistance arteries. The three short chain fatty acids alone and in combination, however, caused a concentration-dependent (range 0.1-30 mM) dilatation of resistance arteries preconstricted with 50 mM K+, and this relaxant effect was unaffected by removal of the endothelium, presence of indomethacin, and preconstriction with vasopressin. These data suggest that the trophic effect of glutamine on intestinal mucosa cannot be explained through actions of this compound on the resistance vasculature. In contrast, the relaxant effect of short chain fatty acids on resistance arteries in vitro suggests that these compounds may be able to improve the colonic microcirculation in vivo, thereby providing an explanation for their trophic effect on intestinal mucosa.
Preservation of the anal sphincters is now possible with adequate extirpation of most rectal neoplasms.' There is, however, a high incidence of leakage through the colorectal anastomoses. 24 Radiological leakage has been reported to occur in 6% to 35% of anastomoses,25 and clinical leakage ranges from 2% to 18%. 4 It has been suggested that microcirculatory failure is the main factor determining whether suture line leakage occurs.' In 1969 Gruber6 reported that canine experiments had shown that oxygen delivery to the tissues was maximal at a packed cell volume reading of 35% (equivalent in humans to a haemoglobin concentration of about 11 g/dl), decreasing sharply on either side of this figure. Likewise, in 1981 Tagart showed' that leaking of low anastomoses in male patients was associated with a mean haemoglobin concentration of 14-6 g/dl while non-leakers had a mean concentration of 12-5 g/dl (p<0-01). One explanation for these findings may be that a high haemoglobin concentration results in high blood viscosity and thereby decreased microcirculatory flow. Unfortunately, haemodilution -a way to obtain lower blood viscosity -is difficult to control. A better way to ensure increased microcirculatory flow to the resection edges of the anastomosis would be to use agents with a relaxant effect on the resistance arteries in the colonic wall.
Various gastrointestinal peptides,7 glutamine,5 and short chain fatty acids9'0 are trophic to the gastrointestinal tract. The aim of this study was to determine whether glutamine and the three short chain fatty acids, acetic, propionic, and butyric acid, have vasorelaxant effects on the resistance arteries in the human colonic wall and thus possible stimulatory effects on the microcirculation.
Methods

SUBJECTS AND PREPARATIONS
Six patients (aged 44-76 years, mean 54 years, three men) undergoing surgery for carcinoma of the rectum served as artery donors. Informed consent was obtained from all subjects, and the protocol of the study was approved by the local ethics committee. All the patients were normotensive (blood pressure not higher than 140/90 mmHg), and none received any regular medication.
Immediately after resection of the affected rectal segment, a small piece of the bowel wall (2 x 3 cm) was isolated and placed in cold physiological salt solution (see below). This piece of bowel wall was taken from an area as far away from the tumour as possible. Within 1 hour small arteries (a total of 12 effects on the colonic resistance vessels (four vessels; Fig 5) .
Discussion
For many years a nasogastric tube has been part of the traditional regimen after intestinal resections, thereby prohibiting early oral feeding. Consequently the colon is deprived ofthe dietary fibres which under normal circumstances would be broken down into short chain fatty acids by bacterial fermentation. Under these circumstances the only other source for bacterial fermentation in the colon, and thus production of short chain fatty acids, are glycoproteins ofthe small intestinal mucus."5 The three major short chain fatty acids, acetic, propionic, and butyric acid, are trophic to the intestine in vivo,9 1617 and butyrate is the primary energy substrate for rat colonocytes."' Recently it has been shown that the occurrence of spontaneous anastomotic dehiscence was appreciably lower in a group of rats receiving intracolonic infusion of short chain fatty acids compared to a control group.'8 Even supplementation of short chain fatty acids to parenteral nutrition on an isocaloric basis has been shown to be protective against intestinal mucosal atrophy in rats'9 -a common problem associated with parenteral nutrition. No satisfactory explanation, however, has been given for the beneficial effects of short chain fatty acids after intravenous administration.
The present study shows that sodium salts of short chain fatty acids, both separately and in mixture, have relaxant effects on the colonic resistance vessels in vitro. The small rise in pH caused by the addition of the short chain fatty acids makes it unlikely that the vasorelaxant effects of the compounds were mediated through this increase. Mechanical removal of the endothelium or the addition of a prostaglandin synthetase inhibitor (indomethacin) did not affect the relaxing properties of the short chain fatty acids. These observations therefore indicate that the relaxant effects of short chain fatty acids are not mediated by endothelium derived,.relaxing factors or prostaglandins'4; the short chain fatty acids apparently relax the vascular smooth muscle cells in an unspecific manner. In rats glutamine is also known to be trophic to the intestine and the colon after intravenous administration,820 but the experimental data from this study do not suggest that this effect is due to an improved microcirculation. The lack of effect of glutamine on vessel tone allows us to rule out that the relaxant effects of short chain fatty acids were due to a timedependent loss ofcontractility. Thus the concentrations of short chain fatty acids used have a clear relaxant effect on human colonic resistance arteries in vitro.
There are several reasons for believing that the concentrations of short chain fatty acids used in this study are reached under physiological circumstances in the environment of colonic resistance arteries. Firstly, the total concentration of short chain fatty acids in the healthy human colon ranges from 131 mmol/kg in the caecum to 80 mmol/kg in the descending colon,2' and the absorption of short chain fatty acids is concentration-dependent on both ionic and nonionic forms.22 Concentrations of short chain fatty acids in the millimolar ranges are therefore likely in the interstitial phase of the colonic wall. Secondly, short chain fatty acids are mainly produced in the colon,23 but only a minor fraction of the portal vein blood flow emanates from this organ. Nevertheless, concentrations of short chain fatty acids of 0 4 mmol/l have been reported in the human portal vein,2' and the concentration of short chain fatty acids must therefore be well above this level in the capillaries of the colonic wall, and, ifanything, higher in the interstitial phase surrounding the arteries. Thus, the concentrations needed to produce dilatation (above 1 mM; Figs 2 and 4) are probably reached in the environment of the colonic resistance arteries in vivo.
From these findings one would expect a stimulatory effect of the short chain fatty acids on the microcirculation in the colonic wall, and this could, in part, explain the trophic effect of the short chain fatty acids in the colon. Such an action might also explain how short chain fatty acids, after intravenous administration in small doses, can be trophic to the intestine in rats. '7 The relaxant effects of the short chain fatty acids seen in vitro allows us to speculate whether an improved microcirculation in vivo could be achieved by intracolonic or even intravenous infusion of short chain fatty acids. Adding short chain fatty acids to enteral or parenteral nutrition could be protective against both anastomotic failure and intestinal mucosal atrophy.
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